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Abstract 
An examination by thin-layer chromatography (TI£) of herbarium 
material and collections from Missouri and Arkansas of the cup-shaped 
lichen Cladonia cryptochlorophaea Asah. was used to determine the 
North American distribution of the population containing the 
para-depside atranorin. This atranorin containing variant was 
originally reported by Cunningham (1982) in Coles and Clark Counties 
of Illinois with further studies by Wilcer (1984) in Illinois, 
western Indiana and southern Wisconsin. 
A total of 181 specimens of Cladonia cryptochlorophaea Asah. were 
examined for the para-depside atranorin using TU:. Herbarium material 
was supplied for study from both the Smithsonian Institute, 
Washington, D. C., and Eastern Illinois University, Charleston, 
Illinois. Specimens collected by the author in the counties of 
Howell, Ozark, Oregon, and Ripley in southern Missouri and Marion, 
Fulton, Sharp and Baxter counties in northern Arkansas were also 
tested. Crystal tests were done to confirm the presence of identified 
substances. 
Cladonia cryptochlorophaea is distributed from Maine to the 
Carolinas and west to Oklahoma and Minnesota. Of the lichen specimens 
tested from 25 states, 11 were found to contain atranorin as an 
accessory substance. Those states were Arkansas, Kansas, Missouri, 
Mississippi, Alabama, Kentucky, Illinois, Indiana, Ohio, Wisconsin 
and Oklahoma. Those states whose samples lacked atranorin were 
Connecticut, Georgia, Iowa, Maryland, Michigan, Minnesota, New 
Hampshire, New Jersey, New York, North Carolina, South Carolina, 
Pennsylvania, Virginia and West Virginia. 
A range map was prepared to show the distribution of the 
atranorin containing variant. The distribution of this chemotype of 
Cladonia cryptochlorophaea is a predominantly Ozarkian one with most 
specimens from Missouri, Oklahoma and Kansas containing the 
para-depside. The distribution extends through the Mississippi River 
Valley as far north as southern Wisconsin and to the east into Ohio. 
The southern and western limits of the range of the variant are 
limited by the range of Cladonia cryptochlorophaea. The specimens 
examined show a decreasing frequency in the occurrence of atranorin 
as an accessory substance with increasing collection site distance 
away from the Ozark region. 
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Introduction 
The lichen Cladonia cryptochlorophaea Asah. is distinguished from 
the other Cladonia species having cup shaped sorediate podetia and 
brown apothecia by its cryptochlorophaeic acid content. In addition 
to the cryptochlorophaic acid, this species may or may not contain 
fumaroprotocetraric acid as an accessory substance. 
It was reported by CUnningham in 1982 that some specimens of this 
species collected in Coles and Clark Counties of east-central 
Illinois also possessed the para-depside atranorin. Further studies 
by Wilcer in 1984 demonstrated that this chemical variant was found 
not only in Illinois, but in Indiana and Wisconsin as well. 
Since Cladonia cryptochlorophaea is found from Maine to North 
carolina and as far west as Oklahoma and Minnesota, the possible 
range of the variant could be just as wide. The purpose of this 
study was to determine the North American distribution of this 
atranorin containing chemical variant of Cladonia cryptochlorophaea. 
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Literature Review 
Originally described as Cenomyce chlorophaea in 1826 by 
Sorrmerfelt as an intermediate species between Cladonia fimbrata (L.) 
Fl. (which has farinose soredia) and Cladonia pyxidata (L.) Hoffm. 
(which completely lacks soredia), Cladonia chlorophaea (Floeke ex. 
Sormierf .) Spreng. is a coarsely sorediate species with cup shaped 
podetia. Floerke ( 1828) later proposed that this lichen be 
classified as Cladonia pyxidata f. chlorophaea. More recently, Ahti 
( 1966) described the cups of C. chlorophaea as being somewhat 
T:arrower than those of C. pyxidata. 
Zopf (1908) began to chemically separate Cladonia chlorophaea 
from Cladonia pyxidata by identifying the presence of chlorophaeic 
acid in the former. This is actually a misnomer, since chlorophaeic 
acid is a substance later identified as grayanic acid (CUlberson 
1969). Further separation by Sandstede ( 1931) of two members of the 
Cladonia chlorophaea complex was based on their furraroprotoc:etraric 
acid content. The species were identified as Cladonia chlorophaea if 
they contained fumaroprotocetraric acid (which produced a bitter 
taste when eaten) and as Cladonia grayi if they lacked 
fumaroprotocetraric acid (and subsequently had what was described as 
a mild taste). Asahina (1939) first agreed with this separation, but 
later he further separated the Cladonia chlorophaea complex into four 
species based on their chemical content (Asahina 1940, 1941, 1943). 
Kristinsson ( 1971) added that the size and number of soredia was also 
correlated to the chemical differences 
cryptochlorophaea and Cladonia grayi. 
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between Cladonia 
Culberson and Kristinsson ( 1969) reported that there have been 
thirteen chemical variants demonstrated in the Cladonia chlorophaea 
complex, these possessing a total of fifteen lichen substances in 
various combinations . This includes five unnamed races from the many 
chemical combinations . 
The members of the species Cladonia chlorophaea (Floeke ex .  
Sornnerf.) Spreng. were considered by Asahina ( 1939) to be those races 
which contained only fwnaroprotocetraric acid; Cladonia grayi Merr. 
was characterized as a variant species which contains grayanic acid; 
Cladonia merochlorophaea Asah. contained merochlorophaeic acid and 
4-0-methylcryptochlorophaeic acid; and Cladonia cryptochlorophaea 
was identified by its cryptochlorophaeic acid content. It should be 
noted that C .  grayi, C. merochlorophaea and C. cryptochlorophaea may 
or may not contain f wnaroprotocetraric acid as an accessory 
substance. 
Agreerrent with Asahina's chemical taxonomic separation is not 
entirely accepted by all authors. While some authors such as Evans 
( 1944) and Hale and Culberson ( 1966, 1970) have included these races 
into their checklists as recognized species, others such as Lamb 
( 1951), Luttrell ( 1954) and Imshaug ( 1957) have refused or hesitated 
to agree with this division of species based on their chemotypes. 
Thompson ( 1967) further included a fifth member of the chemical 
races with the recognition of Cladonia chlorophaea f. conistea Del., 
even though he feels that it is more satisfactory to treat these 
chemotaxons as chemical strains of c. chlorophaea in the way 
suggested by Lamb in 1951. Ciadonia chlorophaea f .  conistea is an 
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atranorin containing form which may or may 
fumaroprotocetraric aeid as an accessory substance. 
not have 
A similar species, Cladonia cyathomorpha W. Wats., was described 
by w. Watson in 1935 as a chemical variant of Cladonia chlorophaea 
that contained atranorin as -well as fumaroprotocetraric acid. It is 
a poorly known species reported only from the Brittish Isles. This 
species is described as having a distinctly grey color with large 
broad squamules which are conspicuously veined below. 
Wetherbee (1969) did population studies in Michigan of the four 
named chemotaxa to determine the relationship of the chemical races 
to their substrate. Specifically, he found that C. cryptochlorophaea 
was prevalent in aspen forests, and that it was 
found on soils than on barks (as opposed to C. 
affinity for pine barks). 
also more cornrronly 
grayi which has an 
Distributional studies of the chemical races of the Cladonia 
chlorophaea species complex -were done by Peter Bowler ( 1972) in which 
he demonstrated the range and extent of Asahina's four species (see 
Figures 1-4). 
With the recent finding by Cunningham (1982) of an atranorin 
containing variant of the chemical species Cladonia cryptochlorophaea 
in the Illinois counties of Coles and Clark, it becarre neccessary to 
determine the extent of the range of this variant. Further studies 
involving the the distribution of this variant were done by Wilcer 
(1984) in Illinois, -western Indiana and southern Wisconsin. 
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Materials and Methods 
Part I: Sources of Specimens 
A total of 181 specimens from 25 states were tested to identify 
the atranorin containing variant of C. cryptochlorophaea. Some 179 
of these specimens were sent from the National Herbarium of the 
Smithsonian Institute in Washington, D. c., through the courtesy of 
Dr. Mason E. Hale, Jr. , Chairman of the Department of Botany. There 
were 47 additional specimens received from this source and labeled as 
c. cryptochlorophaea, but no cryptochlorophaeic acid was demonstrated 
in them. Of these, 27 yielded grayanic acid, making them Cladonia 
grayi Merr. , and 18 contained only fumaroprotocetraric acid, which 
would indicate that they are Cladonia chlorophaea (Flk.) Spreng. Two 
lacked cryptochlorophaic acid but contained atranorin, thus 
identifying them as Cladonia chlorophaea f. conistea Del. 
Three specimens were taken from the Herbarium of Eastern Illinois 
University (E. I. U.) that were previously collected and tested by 
CUnningharn in 1982. These were used as a secondary control. The 
other 4 specimens came from a collection of 111 Cladonia specimens 
with cup shaped pcxletia made in 8 counties of southern Missouri and 
northern Arkansas by the author. 
Four areas within southern Missouri were used as sites for 
collection, but none of these collections were found to contain 
cryptochlorophaeic acid. These were: Howell County (8 specimens), 
Ozark County (9 specimens), Oregon County (10 specimens) and Ripley 
County (8 specimens). Four other areas were also collected from in 
Arkansas: Marion County (7 specimens, none of which yielded 
cryptochlorophaeic acid), Sharp County (9 specimens with no 
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cryptochlorophaeic acid derronstrated), Baxter County (39 specimens, 3 
of which did yield cryptochlorophaeic acid), and Fulton County (21 
specimens, with one containing cryptochlorophaeic acid). 
data appears in the appendix in Table 2. 
Collection 
Collection techniques: The specimens were rrostly collected from 
soil, with a few taken from decaying wood. The specimens were 
rerroved from their substrate with a knife and placed in 9.2 cm X 16.5 
cm paper envelopes and sealed for transportation. Collection data 
was recorded in a field notebook and on the envelope as it was 
collected. Area collections were kept in a larger paper bag with 
site location data. The specimens were allowed to air dry in the 
envelopes and were then stored for further analysis. 
Screening techniques: Collected material from MissJuri and 
Arkansas was identified to the Cladonia chlorophaea group using keys 
by Hale (1979), Taylor (1968) or Thomson (1967), and those specimens 
were then reserved for chromatography. Herbarium material from the 
Smithsonian Institute and E. I. u. was not pre-screened, as all 
specimen identifications were believed accurate. 
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Part II: Identification of Lichen Substances 
Extracted lichen substances can be quickly separated through the 
use of thin-layer chromatography (TLC). The use of TLC, as described 
by CUlberson (1970, 1972), was the primary method of identification 
of these compounds. 
Lichen Substance Extraction: Marked slides with one podetium 
were warmed on a slide warming tray (C. s. & E. Slide Warmer; 
Clinical Scientific Equipment Co., Melrose Park IL) with the 
temperature set at 37 °c. In instances of the few specimens that 
lacked podetia, the thallus was used. 
Three drops of acetone were placed on each podetium to extract 
the lichen substances from those specimens. A control solution was 
prepared using Parrnelia perforatum (Jacq.) Mass. 
contains atranorin as well as norstictic acid. 
This lichen 
Chromatography: A new capillary tube was used to transfer and 
spot the extract on three separate E. Merck type Silica Gel 60 F254 
chromatographic plates (Brinkman 
Instruments, Cantiague Road, westbury NY). 
Chromatography, 
The residue 
Brinkman 
left after 
extraction was dried on the slide and retained for further testing. 
Sixteen specimens were tested per plate using a nineteen-hole 
cardboard template as a guide to assure uniformity in spotting. 
Locations 2, 10 and 18 were reserved for spotting with the control 
extract. 
The three plates were then exposed to three different solvents 
identified by the letters A, B and C. The proportion of the 
ingredients for each 230 ml is based on those presented in CUlberson 
and Johnson (1976). They are: (A) toluene-dioxane-acetic acid 
-7-
(180:45:5, v/v/v); {B) hexane-diethylether-formic acid (97%) 
(120:90:20, v/v/v); and {C) toluene-glacial acetic acid (200:30, 
v/v). Toluene was substituted for benzene in solvent A due to its 
link as a leukemia-causing carcinogenic agent (Roberts, et al., 
1971) . 
Pre-treatment of plates B and C was necessary to improve solvent 
rrovement by exposing them for five minutes to 60% glacial acetic acid 
fumes in a fume tank (Culberson, 1972). Plate C was further exposed 
to 60% formic acid fumes for an additional five minutes in a separate 
tank. Plate A did not require any pre-treatment. 
The tanks that were used to pre-treat the plates with the acid 
fumes were 29.5 cm X 9.5 cm X 22 cm in dimension (Brinkman 
Instruments). To insure that the TLC plates would not come in direct 
contact with the acids, two layers of watch glasses were placed in 
the bottom of the fume tanks. The three solvent tanks were ground 
glass #3-Desalga tanks measuring 29.5 cm X 9.5 cm X 22 cm, produced 
in Heidelberg, Germany. A single layer of watch glasses was placed 
in the bottom of the solvent tanks to elevate the extraction spots 
above the solvent line and thus prevent the dissipation of the spots 
by the solvent. 
After the plates were placed in the appropriate solvent tank, the 
solvents were allowed to run to within one cm of the top of the 
plate. The plates were then rerroved and allowed to air dry under a 
fume hood. 
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Plate Development and Substance Identification: The plates were 
viewed under a long wave ultraviolet light (Chromato-vue Model CC-20; 
Ultraviolet Products, Inc.) and fluorescing spots were circled with a 
pencil. Additional spots that were visible but did not fluoresce 
(such as fumaroprotocetraric acid) were also marked. The plates were 
then sprayed under the fume hood with a 10% sulfuric acid solution 
and placed in a 110 °c oven (Precision Gravity Convection oven; GCA 
Corporation) for 10 minutes. This treatment allowed the aromatic and 
aliphatic lichen substances to become visible under normal light 
(Cunningham, 1982). The cooled plates were then stored for further 
use. 
The spots on TLJ: plates identifying both cryptochlorophaeic acid 
and grayanic acid have the same Rf value (5) when subjected to 
Solvent A; hc:Mever, upon developement of the plates with 10% 
sulfuric acid the grayanic acid spots take on a yellow hue as opposed 
to the brown spots of the cryptochlorophaeic acid. The two other 
solvents will produce different Rf values (5 - cryptochlorophaic 
acid; 6 - grayanic acid) which aid in the separation of these two 
acids. Fumaroprotocetraric acid was indicated by small spots with a 
very low Rf value (1-2). 
Confirmatory Tests: Crystal tests were employed to confirm the 
presence (or absence) of those lichen substances identified by 
CUlberson's (1970) Rf values. 
Crystal analysis followed the techniques outlined in Thompson 
(1967) and Taylor (1968) and was performed on all specimens showing 
atranorin on the chromatographic plates. Those specimens that were 
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suspected of containing grayanic acid were also tested by this 
method. 
Reserved slides of dried extract were tested by adding an 
appropriate reagent for the suspected substance and covering with a 
coverslip. The slide was then heated gently over an alcohol lamp to 
dissolve the extract into the reagent. The reagents were prepared as 
follows: (A) G. A. W. (glycerine-alcohol-water) 1:1:1 (v/v/v); 
(B) G. A. o-T. (glycerine- alcohol-orthotoluidine - 2:2:1 (v/v/v); 
and (C) G. E. (glycerin-acetic acid) - 3: 1 (v/v). 
When the extract-reagent solution cooled, the characteristic 
crystals were formed. Cryptochlorophaeic acid is identified by the 
presence of long curved needle-like crystals in G. A. W., while 
grayanic acid is identified by bushy clusters of straight needles in 
G. E. The reagent G. A. o-T is used to test for atranorin which 
produces long curved yellow crystals with branching tips. 
-10-
Results and Discussion 
Of the 335 specimens which were initially chromatographed, 154 
were found to be species other than Cladonia cryptochlorophaea Asah. 
Of the 224 specimens supplied by the Smithsonian Institute as 
Cladonia cryptochlorophaea, 47 were later identified to be either 
Cladonia grayi Merr. (27); Cladonia chlorophaea (Flk.) Spreng. (18); 
or what Thomson called Cladonia chlorophaea f. conistea Del. (2). 
The 111 specimens collected in northern Arkansas and southern 
Missouri by the author were found to contain 4 samples of Cladonia 
cryptochlorophaea, 68 samples of Cladonia grayi and 39 samples of 
Cladonia chlorophaea. The high amount of non-cryptochlorophaeic acid 
containing material (96.4%) is due to the TLC being the initial 
screening technique 
chlorophaea complex. 
The collection 
for chemical 
locations 
substances 
of the 
of the 
verified 
Cladonia 
Cladonia 
cryptochlorophaea specimens supplied by the Smithsonian Institute and 
those collected by the author, as well as the collection data from 
Cunningham (1982) and Wilcer (1984) are derronstrated in Figure 5. 
This compares favorably with the range map of Cladonia 
cryptochlorophaea as presented by Bowler (1972) in his distributional 
survey of the members of the Cladonia chlorophaea complex (see 
Figure 2). The only exception to this study is that there was no 
material available for testing from Alaska. Asahina (1940) reported 
that Cladonia cryptochlorophaea is not uncommon in Japan and the 
Alaskan member of Bowler's study is probably an extention of this 
population and not part of the eastern and central North American 
distribution of the species. 
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The para-depside atranorin was found to occur in 40 of the 185 
specimens of Cladonia cryptochlorophaea that were tested. In 
addition, Cunningham �1982) reported it from 22 of 28 specimens of 
this species, while Wilcer (1984), found it in 33 of 63 specimens of 
this species. The range map of this chemical 
Figure 6. Those states in which this variant 
variant is shown in 
has been found are: 
Alabama, Arkansas, Illinois, Indiana, Kansas, Kentucky, Mississippi, 
Missouri, Ohio, Oklahoma and Wisconsin. 
Most of the Cladonia cryptochlorophaea specimens tested from 
Kansas, Missouri, Oklahoma and Illinois demonstrated atranorin as an 
accessory substance. The percentage of atranorin containing specimens 
from the various states is given in Table 1. Every sample tested from 
Kansas and Missouri contained atranorin (or 100%) • Illinois tested 
next highest a t  72%, while Oklahoma had 71.4% of its samples 
containing atranorin. Wisconsin followed closely with 55.5%. 
Arkansas, Indiana and Ohio also had a mcx::1erate percentage of 
atranorin containing members (33.3% each) and eastern Kentucky had 
14.2% of its samples with atranorin. Only two specimens were tested 
from both Alabama and Mississippi, with both these states having 50% 
of their corresponding specimens containing atranorin. No other state 
tested with cryptochlorophaeic acid contained atranorin a s  an 
accessory substance. 
The distribution of the atranorin containing specimens appears to 
be situated in the southwestern portion of the Cladonia 
cryptochlorophaea range. As can be observed from Figure 6, this 
variant is found exclusively within the midwest and the Mississippi 
-12-
River Valley System, with central Wisconsin as its northern boundary. 
Western distribution is limited by the range of Cl adonia 
cryptochlorophaea and the Appalachian mountains border this group to 
the east. 
Since no specimens of Cladonia cryptochlorophaea from Tennessee 
and western Kentucky were available for analysis, the range of this 
atranorin chemotype may also include this 
l ogical that an abundance of this chemotype 
since it is largely surrounded by the 
region. It seems only 
should be found here, 
range of the atranorin 
containing variant. Likewise, this may also be true of the northward 
extent of the range into Iowa, as only one specimen was available for 
testing from this state. 
Further, the distribution of Cl adonia cryptochlorophaea with 
atranorin as an accessory substance appears to be predominantly 
Ozarkian, since most specimens containing atranorin were identified 
from the collections between the Missouri River to the north and the 
areas served by the Arkansas River to the south, with those areas 
just outside of the Ozarks show decreasing percentages of atranorin 
in their populations. 
-13-
Sumniary 
A total of 181 specimenes of Cladonia cryptochlorophaea Asah. 
were examined for the para-depside atranorin using thin layer 
chromatography. Herbarium material was supplied from both the 
Smithsonian Institute in Washington, D. C., and Eastern Illinois 
University of Charleston, Illinois. Material was collected by the 
author in eight counties of southern Missouri and northern Arkansas 
for additional testing. 
Of the 25 states whose material was tested, 11 were found to 
contain atranorin as an accessory substance. Those states were 
Arkansas, Kansas, Missouri, Mississippi, Alabama, Kentucky, Illinois, 
Indiana, Ohio, Wisconsin and Oklahoma. A range map was prepared to 
demonstrate the distribution of the atranorin containing variant. The 
distribution of this chemotype of Cladonia cryptochlorophaea is a 
predominantly Ozarkian one with most representative specimens from 
Missouri, Oklahoma and Kansas containing the para-depside. 
The distribution extends through the Mississippi River Valley as 
far north as southern Wisconsin and to the east into Ohio. The 
southern and western limits of the range of the variant are limited 
by the range of Cladonia cryptochlorophaea. 
The specimens examined show a decreasing frequency in the 
occurrence of atranorin as an accessory substance with increasing 
collection site distance away from the Ozark region. 
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Table 1. State-wide percentages of atranorin containing specimens 
of Cladonia cryptcx::hlorophaea. 
State # Tested % w/ atranorin 
Missouri 11 100.0% 
Kansas 9 100.0% 
Illinois 50 72.0% 
Oklahoma 7 71.4% 
Wisconsin 27 55.5% 
Alabama 2 50.0% 
Mississippi 2 50.0% 
Indiana 18 33.3% 
Arkansas 9 33.3% 
Ohio 6 33.3% 
Kentucky 7 14.2% 
Connecticut 9 0.0% 
Georgia 1 0.0% 
Iowa 1 0.0% 
Maryland 4 0.0% 
Michigan 10 0.0% 
Minnesota 5 0.0% 
New Hampshire 4 0.0% 
New Jersey 17 0.0% 
New York 1 0.0% 
North carolina 23 0.0% 
South carolina 1 0.0% 
Pennsylvania 20 0.0% 
Virginia 43 0.0% 
West Virginia 31 0.0% 
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Table 2. Substances 
in northern Arkansas. 
C - Cryptochlorophaeic 
acid. 
identified from analysis of material collected 
The substances identified below include: 
acid, A - Atranorin, F - Fumaroprotocetraric 
County Collection # Substances 
and Site Derronstrated 
Baxter BS-11 Wildcat Shoals Access Area C,A,F 
Bull Shoals State Park 
Lakeview, Ark. 
Baxter NL-18 Wood Point Access Area C,F 
Norfork lake of the 
Ozark National Forest 
Norfork, Ark. 
Baxter NL-22 Wood Point Access Area C,F 
Fulton S-14 Bald Knob Woods C,F 
Rte. 9, 2 mile NE of 
Salem, Ark. 
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Table 3. Substances identified from analysis of material supplied 
by the Smithsonian Institute. The foll owing substances were 
identified through TLC: C - C ryptochlorophaeic acid, A - Atranorin, 
F - furnaroprotoc etraric acid or G - grayanic acid. 
State - County 
Alabama 
Shelby 
Dekalb 
Arkansas 
Boone 
Logan 
Garl and 
Conway 
Washington 
Perry 
Connecticut 
Litchfield 
Litchfield 
Hartford 
Litchfield 
New Hartford 
New London 
New Haven 
New Haven 
Middlesex 
Georgia 
Fannin 
Illinois 
Oregon 
Indiana 
Monroe 
Scott 
Collection # 
7138 
7054 
3338 
13072 
22748 
3399 
4033 
3142 
18 
6877 
5633 
2011 
2139 
2395 
2814 
3155 
2479 
7302 
1092 
2208 
14108 
-21-
Col l ector 
Hale 
Hale 
Hale 
Anderson 
Demuree 
Hale 
Hale 
Hale 
Hale 
Cvans 
Bunn 
Evans 
Evans 
Evans 
Evans 
Evans 
Evans 
Hale 
Darrow 
Welch 
Hale 
Substances 
Derronstrated 
C,A,F 
C,F 
C , A,F 
C,A 
C,F 
C,F 
C,F 
G 
C,F 
C,F 
C,F 
C,F 
C,F 
C,F 
C,F 
C,F 
G,F 
C,F 
c 
C,F 
C,F 
Table 3. Continued. 
State - County Collection # Collector Substances 
Demonstrated 
Iowa 
Boone 5038b Kiener c 
Kansas 
Douglas 12 Fearring C,A 
Douglas 13 Fearring C,A 
Douglas 20 Fearring C,A 
Douglas 26 Fearring C,A 
Ellsworth 266 Fearring C,A 
Wilson 583 Fearring C,A 
Wilson 586 Fear ring C,A 
Chautauqua 4400 Mac Gregor C,A 
Woodson 4684 Hale C,A 
Wilson 4724 Hale C,A 
Greenwood 4765 Hale C,A 
Wilson 4739 Hale F 
Kentucky 
Boone 9 Fulford C,A 
Lewis 46 Fulford C,F 
Lewis 849 Fulford C,F 
Bell 1095 Braun C,F 
Rockcastle 413 Allen C,F 
Rockcastle 414 Allen C,F 
Edmunson 13162 Hale C,F 
Maine 
Hancock 5897 Harris & Bailey G,F 
Maryland 
Montgomer_t 2759 Leonard C,F 
Grantsville 1691 Thomson C,F 
Elk Neck 5958b Leonard C,F 
Montgomery 2759 Leonard G,F 
Michigan 
Cheboygan 34339 Hale C,F 
Chippewa 34309 Hale C,F 
Arenac 19389 Imshaug C,F 
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Table 3. Continued. 
State - County Collection # Collector Substances 
Derocmstrated 
Michigan (cont.) 
Eaton 5510 Sharp C,F 
Missaukee 1175 Merz C,F 
Ionia 20 M Mozingo C,F 
Lake 52c M Mozingo C,F 
Ionia 17 M Mozingo c 
Muskegon 26 M Mozingo F 
Muskegon 31 M Mozingo F 
Minnesota 
St. Louis 24135 Hale C,F 
Hubbard 92 Anderson C,F 
Koochiching 22126 Hale G,F 
Cook 33524 Hale G 
Cook 23668 Hale F 
Missisippi 
Marshal 7863 Hale C,A,F 
Marshal 7870 Hale C,F 
Missouri 
Dent 4203 Hale C,A,F 
Crawford 4130 Hale C,A,F 
Phelps 4101 Hale C,A,F 
Texas 4210 Hale C,A,F 
Taney 4407 Hale C,A,F 
Fulton none Mac Veigh C,A,F 
Fulton Mo 3 Mac Veigh C,A,F 
Fran1<.lin 643 Hulbrect C,A 
Carrrlen 601 Hulbrect C,A 
Cadet none Nelson G 
New Hampshire 
Jackson none Robbins C,F 
Randolf 252 Sudbury C,F 
Keene 328a Clinton C,F 
Bethlehem NH 32 Evans C,F 
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Ta ble 3. Continued. 
State - County Collec tion # Collector Substances 
Demons tratred 
New Jersey 
Sussex 2115 Nearing C , F  
Ocean La 3 Torrey C,F 
Warren Mill 3 Torrey C , F  
Burlington 1001 Nearing C,F 
Bergan 780 Nearing C , F  
Salem 1007 Nearing C , F  
Morris 1390 Nearing C , F  
Passiac 1481 Nearing C , F  
Sussex 1636 Nearing C,F 
Warren 1653 Nearing C,F 
Passiac 1695 Nearing C,F 
Morris 1945 Nearing C , F  
Burlington 15342 Hale C,F 
Warren 1668 Nearing A,F 
Ber gan 572 Nearing F 
Bergan 616 Nearing F 
Sussex 1333a Nearing G 
New York 
cattaraugus 16680 Hale C,F 
North Carolina 
Rockingham 16390 Hale C , F  
Chathani 465a Evans C , F  
Harnett 853 Evans C , F  
Bl a nden 7412 Gray C , F  
Polk 20 Evans C , F  
Polk 222 Evans C,F 
Linvil le 2203t Gray C,F 
Yadkin 4460 Gray C,F 
Rockingham 7922 Gray C,F 
Durham 446 Evans C,F 
C aswell 1412 Evans c 
Wayne 9108 Gray c 
Minnesott Beach 969 Evans c 
Carterette 1050 Evans c 
Pa mlico 1098 Evans c 
Craven 1128 Evans c 
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Table 3. Continued. 
State - County Collection # Collector Substances 
Demonstrated 
North Carolina (cont.) 
Richlands 1138 Evans c 
Blanden 7952 Gray c 
Southern Pines 145 Evans c 
Wrightsville 208a Evans G 
Richmond 1254 Evans G,F 
Duplin 1154 Evans A,F 
Ohio 
Warren A 20 Braun C,A,F 
Warren A 23 Braun C,A,F 
Clermont 851 Braun C,F 
BrO\vn 709 Fearring C,F 
BrCMn 746 Fearring C,F 
Warren 848 Fearring C,F 
Oklahoma 
Payne 4990 Hale C,A,F 
Bryan 1451 Keck C,A,F 
Le Flore 5063 Hale C,A,F 
Payne 4996 Hale C,A 
Carter 4862 Hale C, A 
Mc Curtain 4930 Hale C,F 
Mc Curtain 1212 Si erk C,F 
Mc Curtain 4915 Hale G,F 
Pennsylvania 
Potter 17370 Hale C,F 
Monroe Pocono 3 Torrey C,F 
Bradford 1171 Nearing C,F 
Lackawanna 1709 Nearing C,F 
Susquehanna 756 Dix C,F 
Perry 912 Dix C,F 
Lebanon 852 Dix C,F 
Monroe 43 Evans C,F 
Perry 909a Dix C,F 
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Table 3. Continued. 
State - County Collection # Collector Substances 
Demonstrated 
Pennsylvania (cont . )  
Pike 17526 Hale C , F  
Huntington 19114 Hale C , F  
Potter lf-123 Hale G,F 
Pike 16230 Hale G , F  
Huntington 5706004 Becking G , F  
Sullivan 17129 Hale G , F  
Chester 1901 Nearing G 
Warren 17398 Hale F 
Centre 16034 Hale F 
Bucks 8 166 Hale F 
Lycoming 1725 Nearing F 
South Carolina 
Shiken none Ravenel C , F  
Virginia 
Bedford 15747 Hale C , F  
Washington 18744 Hale C , F  
Lee 33242 Hale C , F  
Tazwell 11994 Hale C,F 
Grayson 8 025 Hale C , F  
Fairfax 17171 Leonard C , F  
Rockbridge 17024 Leonard C , F  
Rockbridge 17020 Leonard C , F  
Loridon 10779 Maxm C , F  
Prince William 10620 Allard C , F  
Prince William 17635 Leonard & Al lard C , F  
Shenandoah 5468 Al lard C , F  
Prince William 4 114 Al lard C , F  
Fauquier 17695 Leonard C , F  
Shenandoah 5575 Allard C , F  
Fauquier 10701 Allard C , F  
Hopewel 1 Gap 179 8 0  Leonard C , F  
Prince William 6013 Allard C , F  
Wise 4401 Luttrel l  C , F  
Dinwiddie 4899 Luttrel l  C , F  
Giles 2530 Luttrel l  C , F  
Appomclc Chin 3 Torrey C , F  
Fauquier 17695 Luttre l l  C , F  
Prince William 4 114 Al lard C , F  
Prince William 6013 Allard C , F  
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Table 3 .  Continued. 
State - County Col lection # Collec tor Substances 
Demonstrated 
Virginia (cont . )  
Shenandoah 5468 Al lard C,F 
Shenandoah 5575 Al lard C,F 
Fairfax 17164a Leonard C , F  
Fairfax 17168 Leonard C , F  
Fauquier 5184 Al lard c 
Lusbury 350 White c 
Shenandoah Nat. Pk. none Richer c 
Fauquier 4182a Allard G,F 
Fauquier 10617 Al lard G,F 
Bath 16994 Leonard G,F 
Bath 16996a Leonard G,F 
Wythe 11948 Hale G,F 
Spotslvania 1 5648 Hale G,F 
Ablernarie 18581 Hale G,F 
Fauquier 4182b Al lard F 
Giles 12653 Hale F 
West Virginia 
Pocahontas 10031 Hale C,F 
Wetzel 10368 Hale C,F 
Doddridge 10252 Hale C , F  
Braxton 11811 Hale C , F  
Boone 10548 Hale C,F 
Clover Lick 1149 Gray C,F 
Boone 10544 Hale C , F  
Wood 10823 Hale C , F  
Clay 11431 Hale C,F 
Putnam 10971 Hale C , F  
Tucker 10904 All ard C , F  
Huntersville 2 073 Gray C,F 
Pocahontas Rimel 8a Torrey C,F 
Tucker 10904 Allard C , F  
Mingo 10803 Hale C,F 
Mingo 10748 Hale C,F 
Roane 10564 Hale C , F  
Tyler 10258 Hale C,F 
Randolph 12588 Hale C,F 
Lewis 11718 Hale C,F 
Gilmer 1063 6 Hale C , F  
Pocahontas Cran 2 0  Torrey C,F 
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Table 3.  Continued. 
State - County Collection # Collector Substances 
Demonstrated 
West Virginia (cont.) 
Pocahontas Cran 21 Torrey G,F 
Mineral 12130 Hale G,F 
Dodderidge 10291 Hale F 
Nicholas 11896 Hale F 
Braxton 11385 Hale F 
Summers 11679 Hale F 
Lewis 11656 Hale F 
Lewis 11725 Hale F 
Pendleton 10093 Hale F 
Wisconsin 
Waushara 1784 CUlberson C,A 
Douglas 1175 Thomson F 
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Figures 1-4. The North American distribution of four species of the 
Cl adonia chorophaea complex according to Bowler ( 1972) • 1) Cl adonia 
chlorophaea; 2) Cl adonia cryptochlorophaea; 3) Cl adonia grayi ; 
4 )  Cl adonia merochlorophaea. 
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Figure 5. The distribution of the collection sites for the 
chromatographed specimens of Cladonia CD.JPtochorophaea Asah. 
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Figure 6. The distribution of the col lection sites for the 
chrom:itographed specimens of Cladonia cryPtochorophaea Asah .  
containing atranorin as an accessor.1 substance. 
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